To investigate 10 different extracts of cassava peel on acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) inhibitor activity in vitro and inhibition activity of human lung cancer cells (A-549) in vitro. At the concentration of 500μg/ml, the AChE inhibitory activity of S5 was the highest, its inhibition rate could reach (76.45 ± 0.50)%, AChE inhibitory activity of S8 was the lowest, inhibition rate was (28.29 ± 1.23)%; (Ⅱ) At the concentration of 500μg/ml, S4 had the highest inhibitory activity, the BuChE inhibition could achieved (103.06 ± 1.46)%, followed by the S10, the BuChE inhibition rate was (100.07 ± 1.11)%, S6 had the lowest BuChE inhibitory activity , its BuChE inhibition rate was (8.27 ± 0.74)%; (Ⅲ) At the concentration of 50μg/ml, S3 had the strongest A-549 inhibitory effect, inhibition rate (69.71 ± 1.18)%, the lowest A-549 inhibitory activity was S9, its A-549 inhibition rate (10.72 ± 1.03)%.
Introduction
Cassava is the Euphorbiaceae plant, scientific name is Manihot esculenta. Cassava originated in tropical America, widely cultivated in tropical and some subtropical regions, mainly in Brazil, Mexico, Nigeria, Bolivia, Thailand, Colombia, Indonesia and other countries [1] . Edible cassava roots can be used for cassava flour, bread, cassava starch as well as alcohol. Cassava is mainly used in feed, extracting starch and processing industrial alcohol in China. After extracting cassava starch, there are a lot of residues including cassava peel, cassava residue and waste water. But a large number of cassava peels are discarded, and not be used. According to the China Academy of Tropical Crops Genetic Resources Institute determination, the amount of Cassava peel Occupy 12-14% of fresh cassava yield, the moisture content of cassava peel is about 70-75%. In 2007, the yield of fresh cassava was 13,000,000 tons in China, so we could get 169 tons of fresh cassava peels calculating according to 13.5%, and 454,000 tons dried cassava peels calculating according to 73% moisture content.
At present, the international research of cassava still focus on the improvement of cassava cultivation traits, gene-level research, cassava starch, cassava starch ethanol, starch waste water treatment and so on. The research of active composition of cassava is rarely reported, especially active composition of cassava peel, is still blank. As we know, cassava is the Euphorbiaceae plant, and the most of plants in Euphorbiaceae have the physiological activity including anti-cancer, anti-bacteria, hepatoprotective, anti-inflammatory and cholinesterase inhibitor activity and other effects, for example Euphorbia fischeriana, castor, jatropha, etc. The same family plants usually have some common characters, but also have a similar chemical composition [2] . Therefore, it is necessary research the active ingredients and physiological activity of cassava peel.
After the chemical system pre-testing and found that cassava peel contains active ingredients such as alkaloids and coumarins, which are important activity ingredients. Therefore, we have screened AChE and BuChE inhibitor activity and anti-tumor (A-549) activity of different extracts of cassava peels.
Materials and Methods

Main Reagents
MTT(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide) and 5,5'-dithio-bis-nitrobenzoic acid (DTNB) were from Sigma (USA); RPMI1640 was from Gibco (USA); DMSO (dimethyl sulfoxide) was from Beijing Chemical Factory, China (Chemical pure). Table 1 . The Information of Samples.
Samples Code The Information of Samples
S1
Be extracted by the Supercritical CO 2 + Ethanol from the peel of cassava S2
Be extracted by the Petroleum ether from the peel of cassava S3
Be extracted by the Chloroform from the Ether extraction of the peel of cassava S4
The extraction of phenolic tertiary amine alkaloids from the peel of cassava S5
The extraction of weak alkaline alkaloid from the peel of cassava S6
Be extracted by the Distilled water from the peel of cassava S7
The extraction of coumarins from the peel of cassava S8
The extraction of water soluble alkaloids from the peel of cassava S9 S10
Be extracted by the 95% ethanol from the peel of cassava The extraction of non-phenolic tertiary amine alkaloids from the peel of cassava Methods Acetylcholinesterase (AChE) Inhibitor Activity [3, 4] . In the enzyme reaction system, 500μg/ml sample with AChE suspended in reaction buffer (pH7.2), and a quantitative substrate Ach was added. After be incubated for 60 minutes in 37˚ C, the hydroxylamine, hydrochloric acid, FeCl 3 were added in order to terminate the reaction and format the complexes. Then, absorbance value is measured at a wavelength of 530nm because the absorbance values of the reaction system can reflect the remaining amount of ACh. According to the change of absorbance value, AChE inhibition ratio of samples can be calculated.
Butyrylcholinesterase (BuChE) Inhibitor Activity [5] . In the enzyme reaction system, 500μg/ml sample and BuChE suspended in reaction buffer (pH7.2), by adding a quantitative chromogenic substrate BuCh and developer 5,5'-dithio-bis-nitrobenzoic acid (DTNB). After be incubated for 60 minutes in 37˚ C, the absorbance values was measured at a wavelength of 412nm.
The absorbance values of the reaction system can reflect the amount of consumed BuCh in the enzyme reaction system. According to the change of absorbance value, BuChE ratio of samples can be calculated.
Anti-tumor (A-549) Activity [6] . The adherent tumor (A-549) cells in logarithmic phase were digested with trypsin. Then, the cell suspension (5000EA / ml) that was prepared by culture solution of 10% fetal calf serum RPMI1640 was inoculated in 96-well cell Culture plate, each well 100ul, and cultured for 24h in the 37˚C, 5% CO 2 incubator .The samples were added 10μl in each well, adding RPMI1640 until final volume of 200ul, culturing in 37˚ C, 5% CO 2 incubator for 3d, then discarding the supernatant, adding MTT (0.5mg/ml) serum-free medium, each well 100ul, culturing again in 37˚C, 5% CO 2 incubator for 4h,then discarding the supernatant, adding DMSO 200μL each well, mixing well and measuring absorbance at 544nm with FLUOstar OPTIMA microplate reader. 
Results
Acetylcholinesterase (AChE) Inhibitor Activity
At the concentration of 500μg/ml, the AChE inhibitory activity were detected for 10 different kinds extracts of peel of cassava. The results shown in Tab. 2. From Tab. 2, we can see that the AChE inhibitory activity of S5 was the highest, its inhibition rate could reach (76.45 ± 0.50) %, followed by the S10, the AChE inhibition rate was (70.83 ± 0.94) %, AChE inhibitory activity of S8 was the lowest, inhibition rate was (28.29 ± 1.23)% (Table  2) .
Butyrylcholinesterase (BuChE) Inhibitor Activity
At the concentration of 500μg/ml, the BuChE inhibitory activity was detected for 10 different kinds extracts of peel of cassava. The results shown in Tab. 2. The results showed that the extracts of cassava peel had obvious BuChE inhibitory activity,S4 had the highest inhibitory activity, the BuChE inhibition could achieved (103.06 ± 1.46)%, followed by the S10, the BuChE inhibition rate was (100.07 ± 1.11)%, S6 had the lowest BuChE inhibitory activity , its BuChE inhibition rate was (8.27 ± 0.74)% (Table 3) .
Anti-tumor (A-549) Inhibitory Activity
At the concentration of 50μg/ml, the anti-tumor (A-549) inhibitory activity was detected for 10 different kinds extracts of peel of cassava. The results shown in Tab. 4. At the concentration of 50μg/ml, S3 had the strongest A-549 inhibitory effect, inhibition rate (69.71 ± 1.18)%, followed by the S10, the A-549 inhibition rate was (53.78 ± 2.10)%, the lowest A-549 inhibitory activity was S9, its A-549 inhibition rate (10.72 ± 1.03)% (Table 4 ). 
Summary
From the above results can be seen that 10 different extracts of cassava peel had a certain degree of inhibition for AChE, BuChE and lung cancer cell (A-549), indicating that cassava peel has a significant role in the nervous system and anti-cancer (cytotoxic) activity. The strong inhibitory activity of choline was mainly concentrated on the alkaloid extract of cassava peel (S4, S5, S10) and the coumarin extract (S7). The S3 that was extracted by the Chloroform from the Ether extraction of the cassava peel had the most anti-tumor (A-549) activity.
As can be seen from Figure 1 , AChE inhibitor activity was stronger than BuChE inhibitor activity for the samples (S1,S2,S3,S5,S6,S8,S9), but BuChE inhibitor activity was stronger than AChE inhibitor activity for the other samples (S4, S7, S10).
In addition, 10 different extracts of cassava peel have dual AChE-BuChE inhibitory activity (Fig.1) , which is a new research focus and therapeutic targets to treat Alzheimer disease (AD), because there will be dual cholinesterase inhibitor may improve the clinical treatment of AD status [7] . To this end, we will continue to separate, and pure of cassava peel extracts, in order to determine the structure of various compounds and physiological activity.
The cassava peel was as cassava processing waste is still out, if its physiological activity could be used, developed into medicines, or natural plant pesticide, then it would greatly increase the added value of cassava, and promote cassava industry healthy and sustainable development.
